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The data suggest that IL28B polymorphism does not inﬂuence
the occurrence or severity of IFN-related cytopenia. However, we
acknowledge that the methodology of genome-wide association
studies has some limitations, including the statistical require-
ment to correct for multiple testing. As a consequence, small
effect sizes may not be detected. Therefore, we cannot exclude
the possibility that there may be a small contribution (odds ratio
<1.5) of common genetic variants to IFN-related cytopenias. The
clinical importance of such a contribution would be expected to
be modest.
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JOURNAL OF HEPATOLOGYTransient elevation of serum bile salts after partial hepatectomy
is due to metabolic overload and not to cholestasisTo the Editor:
In a recent publication Miura et al. reported on the mechanism of
cholestasis after partial hepatectomy (PH) in rats [1]. The ﬁrst day
after PH, they ﬁnd a transient doubling of serum bile salts, a
down-regulation of the bile acid uptake protein Ntcp and an
up-regulation of Mrp4 and Cyp7A1. With these ﬁndings they con-
ﬁrm a number of earlier studies [2–4]. Miura et al. consider this as
evidence of cholestasis. We like to take issue with this view.
Vos et al. (in 1999) showed that 24 h after PH in rats, bile ﬂow,
expressed per gram of liver, was increased from 1.5 ± 0.1 to
2.6 ± 0.4 ll/g liver/min. Bile ﬂow per 100 g body weight did not
change. The same is true for bile salt secretion; it increased from
80 ± 4 to 152 ± 22 nmol/g liver/min and did not change when cal-
culated per 100 g body weight [2]. Other authors have reported
similar ﬁndings both in rats and mice [5,6]. Thus, if cholestasis
is deﬁned as an impairment of bile ﬂow, there is no cholestasis
after PH. To the contrary, for the remnant liver there is increased
bile ﬂow and bile salt ﬂux. The remnant liver maintains a normal
bile ﬂow despite a decrease of organ mass. The transiently ele-
vated serum bile salt levels may be the consequence of de novo
bile salt synthesis. Thus, elevated serum bile salt and bilirubin
levels not always mean cholestasis but they can be a sign of
hepatic overload. This is not a trivial statement because this over-
load has profound physiological consequences in that it may trig-
ger hepatic regeneration. This is in line with the metabolic
overload theory as a trigger of liver regeneration [7]. There is
ample new evidence that bile salts are instrumental for this
response [8,9].Journal of Hepatology 20Bile salts are ligands for the nuclear hormone receptor FXR.
Activation of FXR in the liver simulates regeneration. In agree-
ment with this, FXR/ mice show delayed liver regeneration
after PH [10]. Although the precise mechanism has not been clar-
iﬁed yet, this activation depends on the intracellular free concen-
tration of bile salts and this depends in part on a balance between
hepatic uptake, secretion and de novo synthesis. The ﬁndings of
Miura et al. and others suggest that uptake is impaired and baso-
lateral secretion is increased. This, together with data showing
that canalicular secretion is increased, makes it difﬁcult to predict
what happens to the intracellular bile salt concentration but a fair
guess would be that there would have been no change if de novo
synthesis would not have been activated. Indeed, Csanaky et al.
reported that after PH in mice, the hepatic concentrations of gly-
cine-conjugated and unconjugated bile salts were increased [6].
Up-regulation of Cyp7A1 is most likely responsible for the
increased serum and liver bile salt levels and we suggest that this
is a key event in the regenerative response of the liver. Cyp7A1
expression is mainly controlled by a protein called Fgf15 that is
produced in the ileum and acts on the FGFR4 receptor in the liver.
In the ileum, Fgf15 synthesis is activated by binding of bile salts
to FXR. Since bile salt ﬂux through the ileum after partial hepa-
tectomy is not decreased, we propose that FGFR4 in the liver
may be down-regulated in order for Cyp7A1 to be up-regulated.
In conclusion: in order for bile salts to play a controlling role, bile
salt ﬂux through the liver has to be maintained within very strict
limits. This is achieved by a detailed regulation of uptake,
secretion and synthesis. These regulations are probably more12 vol. 56 j 738–747 743
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important for the process of regeneration than for protection of
the liver, since the hepatic bile salt concentrations in this
situation are too low to be toxic.
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To the Editor:
We appreciate Dr. Jansen‘s comments on our recent paper. We
consider cholestasis as retention of bile not only within
hepatocytes but also in the systemic circulation, because clinical
cholestatic status after hepatectomy or liver transplantation is
deﬁned as high serum levels of bile acids and bilirubin [1,2].
Meanwhile, as Dr. Jansen pointed out, bile acids have been con-
sidered as a trigger of liver regeneration [3] and elevated serum
levels would be a sign of hepatic overload [4]. However, in our
paper we have provided evidence indicating that intracellular
bile acids are maintained at a low level when the remnant liver
volume is excessively small and hepatocytes are vigorously pro-
liferating. We would like to address the relation between trans-
porters/pumps in the regulation of intracellular bile salt
concentration and regeneration after 90% hepatectomy. On day
1, DNA replication and cell proliferation are active as shown by
microarray analysis. At that time, Ntcp mRNA and protein levels
are decreased, and Cyp7a1 mRNA is also down-regulated. Since
Ntcp is a major transporter for bile acid uptake from the sinusoid
[5] and Cyp7a1 is the rate-limiting enzyme of bile acid synthesis,
intracellular bile acid concentration seems to be low at this pro-
liferative phase. Zhang et al. reported that overexpression of an
exogenous Cyp7a1 gene impaired liver regeneration after 70%
hepatectomy, which is accompanied by increased hepatocyte
apoptosis and liver injury [6]. To the contrary, on day 3, Cyp7a1
mRNA is up-regulated. Since cholesterol synthesis is enhanced
at this time, possibly to build proliferating cell membranes,
Cyp7a1 is transiently induced in response to cholesterol synthe-
sis, consistent with the results of a previous study [7]. Ntcp
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mRNA and protein levels are still decreased, and its cytoplasmic
localization reveals loss of transport activity. In addition, Mrp4
mRNA and protein levels are increased and its localization main-
tained at the basolateral membrane. These ﬁndings indicate that
massive hepatectomy results not only in a decrease in liver mass
but also in alterations of the bile acid transport system. Thus, pro-
liferating hepatocytes seem to be free from the inﬂux of bile salts
but able to excrete them de novo produced intracellularly in
response to cholesterol synthesis. Another interesting ﬁnding is
possible degradation of Ntcp protein during liver regeneration,
contributing to the protection of proliferating hepatocytes at
the expense of the transporter. Our paper does not provide infor-
mation on which factors trigger liver regeneration but we can say
that decreased intracellular bile acids may allow hepatocytes to
proliferate rapidly in response to massive hepatectomy, as cells
escape toxic effects induced by the substances.
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